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REPETITION PRIMING AND MELODY: 
IMPLICIT MEMORY FOR MUSIC 
Abstract 
The present study investigated the existence of repetition priming for melody and the 
extent to which that priming would be affected by the manipulation of frequency. A 
group of 62 university students and 2 members of the public listened to 20 high 
frequency and 20 low frequency melodies in the first phase of a repetition priming 
experiment. Participants were required to name as many melodies as they could as 
quickly as possible. The same melodies were then re-presented immediately in the 
second phase of the experiment along with another group of 40 melodies matched in 
frequency to those in the first phase, and participants were required to perform the 
same task. Mean reaction times were measured for each melody across participants 
and repetition priming differences were calculated by comparing phase 2 reaction times 
for melodies presented only in the second phase ('new' melodies) with those 
presented in both phases ('old' melodies). Mean percent correct responses were also 
computed and comparisons made between all four phase 2 conditions based on 
frequency and presentation. Reaction times demonstrated a significantly faster and 
more accurate performance for 'old' than for 'new' melodies in the second phase. 
Priming differences between 'old' and 'new' melodies were also compared as a 
function of frequency, and there was some suggestion in the data of greater priming 
for low than for high frequency melodies. The findings of the study generally echo 
those found in lexical decision experiments performed with words. Although there 
clearly are differences in the mental processing of music compared to language, the 
results of the experiment provide support for the argument that the principles that 
govern cognition for language also apply to cognition for music. 
Author: Jacqueline Landre 
Supervisor: Dr Craig Speelman 
Submitted: November 1999 
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Introduction 
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In traditional studies of memory, participants were required to consciously try 
to recognize or recall data that had been presented during a particular prior learning 
experience. However, more recently, memory research has focused on techniques 
which demonstrate that previously encoded information may be retrieved by a 
participant without any intentional effort at recalling that information. Consequently, 
theorists have proposed the existence of different kinds of memory and processes to 
explain the phenomenon. Within the field of cognition, one common way of 
differentiating between memory systems has been to distinguish between explicit 
versus implicit memory . Explicit memory refers to knowledge of which an individual 
is consciously aware, such that recognition or recall from among several alternatives is 
possible. Consequently, testing for explicit memory generally relies on recall or 
recognition tasks. 
By comparison, the term implicit memory has been used to describe the kind 
of retention of information that is unconscious, in that it cannot be shown in tests 
requiring explicit recall, but its existence can be demonstrated by performance on 
certain tasks (Anderson, 1995). Therefore, the existence of implicit memory relies on 
showing that previous experiences have lead to improved performance on some task 
that did not require conscious recall (Graf & Schacter, 1985). Because the 
information being tested is not consciously remembered, researchers have had to 
devise indirect methods of getting at the information stored in implicit memory. One 
such method is priming, a technique whereby participants are asked during one task to 
pay attention to some particular information, after which they are presented with 
another task to examine whether or not the information has been retained (Wade & 
Tavris, 1996). The decision the participant is asked to make may be anything that 
allows the measurement of speed or accuracy, such as naming something. In general, 
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the typical finding that indicates implicit memory is a significant improvement in 
performance such as a decrease in reaction time. (For a review of implicit memory 
studies, see Schacter, 1987). 
Repetition Priming 
At the centre of many implicit memory studies is the technique of repetition 
priming. The repetition priming paradigm involves an experiment being divided into a 
first and second phase, referred to respectively as a study phase and a test phase. In a 
typical repetition priming experiment, participants are presented during the first phase 
with a set of stimuli about which they are required to make a particular decision. For 
example, they may be presented with a series of letter strings to study and be asked to 
make a lexical decision, which involves deciding whether the string of letters 
constitutes a real word or not (Kirsner & Smith, 1974; Scarborough, Cortese, & 
Scarborough, 1977). Participants' reaction times to make each decision are measured, 
and then in the second phase of the experiment, the letter strings from the first phase 
(i.e., 'old' strings) are re-presented along with a different set of letter strings 
(i.e., 'new' strings). Participants are not told that material has been re-presented; they 
are simply asked to make the same decision as before, namely, whether the letter 
strings are real words or not. Furthermore, they may or may not be aware that the 
experiment is divided into two phases, as it is possible to complete the experiment 
without an obvious subdivision. Importantly therefore, participants are not asked in 
the second phase to refer to information or stimuli presented in the first phase (such as 
occurs in explicit memory experiments). Typically, reaction times for old items are 
faster than for new items, and it is this improvement in reaction time from one 
presentation of stimuli to the next that is referred to as repetition priming (Graf & 
Schacter, 1985). 
Priming Paradigms 
Apart from lexical decision, there are a number of other priming paradigms 
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with words which also have been used to test for implicit memory. 
Word identification (Jacoby & Dallas, 1981) involves briefly presenting a 
series of words and then requiring participants to try to identify both those words as 
well as control words when presented against a noise background. Participants are 
more easily able to identify the primed words. 
In word stem completion (Graf, Squire, & Mandler, 1984), participants are 
presented with a word, after which they are given the first few letters of that word and 
asked to complete it. Typically, they do so with the previously presented word. 
Word fragment completion (Roediger, Weldon, Stadler, & Riegler, 1992) is a 
similar paradigm, except that rather than presenting a word stem, the word is 
presented with several letters missing at different locations in the word. 
Dissociation 
When the way in which both explicit and implicit memory function can be 
shown to differ qualitatively, it is referred to as a dissociation. One of the ways in 
which dissociation lilis been studied is via clinical studies evaluating the memory of 
amnesic patients. With amnesic patients, it is possible to demonstrate a lack of any 
conscious recall for something while at the same time showing clear evidence that 
information has been retained in memory. For example, in the study by Graf et 
al.(1984), a group of amnesic patients were compared with normal participants on 
both free recall of a list of studied words and on a task requiring word completion after 
being presented with the first three letters of a previously studied word. On the word 
recall task, which required explicitly recalling the words studied, the normal 
participants did much better than the amnesic patients. By comparison, with the word 
completion task, both groups correctly recalled more than 50 percent of the words, 
showing there was no significant difference between groups. The finding 
demonstrated that the amnesic patients did indeed possess implicit memory for the 
word list studied; they simply could not consciously recall the words. 
Repetition Priming and Melody 4 
In priming studies, dissociation is often revealed when performance on either 
measures of explicit or implicit memory is affected by the manipulation of a particular 
variable, while performance on the alternate memory task remains more or less 
unaffected. An example of this is when the time delay between initial and subsequent 
presentation of stimuli is manipulated. For recognition tasks of ' old' items presented 
during an earlier phase, accuracy declines rapidly with increasing time interval or lag, 
whereas repetition priming remains virtually unaffected (Tulving, Schacter, & Stark, 
1982). 
Views of Implicit Memory 
Theories of implicit memory tend to be based broadly on either a division of 
different memory systems, or an emphasis on the underlying processes of encoding 
and retrieval. Systems theorists rely more, although not exclusively, on the evidence 
of preserved learning that comes from studies of patients with amnesia, whereas 
processing explanations tend to be preferred by researchers carrying out priming 
studies with normal participants. 
Multiple Memory Systems 
This approach takes the view that different kinds of learning are the result of 
different underlying memory systems. For example, Schacter and Tulving ( 1994) 
conceptualised implicit memory as being composed of a number of systems, one of 
which is the perceptual representational system (PRS). This system is further 
composed of subsystems which are specific to different domains and which deal with 
information relating to the form or structure of words or other objects, but not their 
meaning. The model was designed to account for memory data that is processed at a 
presemantic level. 
Another common way of viewing memory is by distinguishing between 
procedural and declarative memory (e.g., Cohen & Squire, 1980). This approach 
distinguishes between systems on the basis of either consciously being aware of 
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certain information (declarative), or of knowing how to carry out some task or 
perform some activity (procedural) with the latter knowledge often being implicit in 
nature. Although only two fairly important ways of distinguishing between memory 
systems are given above, there are other systems that have been proposed to explain 
different observed phenomena. However, there has been some criticism of a multiple 
memory systems approach on the grounds that it is all too easy for theorists to propose 
a new memory system whenever a new unexplainable phenomenon presents itself 
(Roediger, 1990). 
The Processing View 
A very different approach towards understanding memory is to focus not on 
subdivisions of systems that carry out different functions, but to address the variety of 
processes that have been observed in memory functioning (e.g., Jacoby, 1983; 
Roediger, 1990). With the processing view, attention is on the processes of 
encoding, storage, and retrieval of information, and memory is viewed as a single 
system, with observed differences being attributed to different mechanisms being 
required by the demands of different kinds of tasks. Central to this memory model is 
transfer-appropriate processing (Roediger), a principle that stresses the importance of 
the similarity between encoding and retrieval operations. Processing is seen as either 
data-driven, focusing on the perceptual qualities of test data, being largely automatic 
and implicit, or as conceptually driven, where it is under conscious control, and 
focuses on the meaning of the test data (Dunn, 1998). 
Variables Influencing Priming 
While studies with amnesic patients have shown clear evidence that priming 
has lead to the formation of implicit memories, research with normal participants has 
had to rely on the manipulation of different variables in order to detect the presence of 
implicit memories. 
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Word Frequency 
One of the variables that has been found to affect the amount of priming is that 
of word frequency. Frequency here refers to the amount of exposure people have to 
different words, such that high frequency words are those that occur often in everyday 
language and low frequency words are used more rarely. Experiments that have 
manipulated word frequency have drawn their data from word frequency tables such 
as that compiled by Kucera and Francis (1967). Such lists have relied on the 
frequency of written rather than spoken material. It has generally been found that 
when word frequency is manipulated in memory experiments, there is a faster reaction 
time for identifying high frequency words than there is for low frequency words 
(Kirsner and Speelman, 1996; Scarborough et al., 1977; Schwartz & Hashtroudi, 
1991). 
Frequency Attenuation Effect 
An interesting finding to have emerged from priming experiments that 
manipulated word frequency is what has been called the frequency attenuation effect 
(Duchek and Neely, 1989). This term refers to the phenomenon that the priming for 
low frequency words is much greater than the priming for high frequency words. 
That is to say, although the difference in reaction time between the old and the new 
words is faster for high frequency words than for low frequency words, there is a 
greater benefit or increase in reaction time for the low than for the high frequency 
words (Scarborough et al., 1977). The frequency attenuation effect may be explained 
in terms of what Newell & Rosenbloom (1981) called the 'power law of learning'. 
This law describes the finding that log reaction time (as a measure of performance) is a 
linear function of log word frequency. Various studies ( e.g., Kirsner & Speelman, 
1996) have found that the law can explain the relationship between lexical decision and 
extralaboratory practice, as measured by word frequency tables such as that by Kucera 
and Francis ( 1967). That is to say, based on the power law, the priming difference 
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will be greater for low frequency items than for high frequency items, because high 
frequency items are those that have been presented more often in the extralaboratory 
setting, and hence are further along the learning function (a power function), resulting 
in ever smaller improvements as the function approaches asymptote. 
Breadth of Priming Studies 
More recently, various researchers have attempted to broaden theories of 
cognition to demonstrate their wider applicability (Kirsner, 1998). Most of the studies 
that have been done with repetition priming have been done with visual presentation of 
words. Other researchers have investigated priming with visual stimuli other than 
words. For example, Bruce and Valentine ( 1985) studied priming in face 
identification. A number of studies have already looked at cross-modality in priming 
whereby verbal stimuli presented during the study phase in visual mode are re­
presented at test phase in auditory mode�uch studies have demonstrated that priming 
does occur not just for the written word but for the sound as well. This finding has 
led to researchers seeking to establish whether repetition priming extends to the 
auditory domain for nonverbal stimuli in general (Gipson, 1986; Schacter & Church, 
1992). 
In 1995, Chiu and Schacter investigated repetition priming for meaningful 
environmental sounds such as ticking clocks, tooth brushing, etc. Using a sound 
stem identification paradigm, they first presented participants with a group of sounds 
to study. Sounds were presented for 5 seconds either in isolation (nonsemantic 
encoding), or along with their associated names (semantic coding). A third group 
were given only the names to study without hearing the sound. At test phase, 1 
second of the sound was re-presented and the task was to try to identify the sound 
with the first sound name that came to mind. The third group showed no priming at 
all. Furthermore, a dissociation was found between implicit and explicit memory in 
that the semantic encoding produced higher sound stem cued recall (a measure of 
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explicit memory) than did the nonsemantic encoding. By comparison, there was no 
difference in the degree of priming between the two groups. Chiu and Schacter 
concluded that their results indicated priming for sounds must be mediated by 
perceptual processes. 
Music 
Although there is a wealth of research on music and memory, most of it has 
concentrated on areas other than implicit memory. Researchers have focused instead 
on investigating what really would be termed explicit memory and its applicability to 
musical phenomena. Most of the emphasis therefore has been on trying to understand 
conscious efforts at encoding, storage, and retrieval of musical information. For 
example, Berz ( 1995) argued that Baddeley' s ( 1990) concept of working memory ( a 
model of short-term memory), with its design of a central executive controller and two 
slave systems, namely a visuo-spatial sketch pad and a phonological loop, was 
inadequate to explain musical memory. Instead, Berz proposed the addition of a 
music memory loop that may or may not be attached to the phonological loop. 
Much music memory research has concentrated on the workings of long-term 
memory. For example, Hebert and Peretz ( 1997) conducted a study that found that 
although rhythm and melody were both important in accessing long-term memory for 
music, it was melody that mattered most for recognition. 
There has also been an attempt to understand memory for music based on 
studies of neurological damage. These studies have tended to focus on associations or 
dissociations between memory for language and memory for music, in attempts to 
establish which of the processes pertaining to language can also be shown to exist for 
music, and to also try to define how music memory differs. By nature of its 
occurrence, such studies of neurological damage are often only case studies of an 
individual or of small groups. For example, Peretz ( 1996) assessed both the speech 
and musical abilities of a 35 year old female nonmusician who had suffered bilateral 
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temporal lobe damage, and found that although the woman's cognitive and speech 
functions appeared normal and she could recognize environmental sounds, she had 
lost the ability to recognize or judge the familiarity of previously familiar melodies. 
The findings led Peretz to conclude that there must exist a perceptual memory that is 
specialized for music. 
There is a small body of research that has looked at evidence of implicit 
memory for music. In a study by Peretz, Gaudreau, and Bonnel (1998) participants 
were tested using both liking (a measure of affect) as an implicit memory task, and 
recognition, as a measure of explicit memory. Participants were exposed to both 
familiar and unfamiliar melodies, after which they were required in a subsequent phase 
of the experiment to indicate their liking of or recognition for the melodies, when 
repeated along with distractors, that is, other comparable melodies not heard in the 
first phase. What Peretz et al. found was a memory dissociation in relation to several 
factors. Firstly, although the repetition served to increase liking for unfamiliar 
melodies in the affect task, it was the familiar melodies that were more easily detected 
in the recognition task. Also, those memory effects waned at different time delays 
between study and test phase. Furthermore, when the timbre of the melodies was 
altered between phases, recognition suffered while liking did not. In another study 
(Gaudreau & Peretz, 1999), a memory dissociation was found between implicit and 
explicit memory for music with regard to age. Gaudreau and Peretz again employed 
an affect task and a recognition task in testing two groups of participants, one in their 
early twenties and the other with a mean age of around 70 years. Findings revealed 
that, whereas for the recognition task, performance deteriorated with age, implicit 
memory, as measured by the affect task, remained unaffected. 
Such findings echo others demonstrating intact implicit memory in older adults 
(Graf & Schacter, 1985; Light, Singh, & Capps, 1986). Hence the memory 
dissociation also extends to melody, or more generally, to auditory nonverbal stimuli. 
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Although interest in music cognition has been growing in the past two decades 
(e.g., Deutsch, 1982; Russel, 1987;) there have not been any experiments that sought 
to demonstrate whether or not repetition priming occurs with musical melody in the 
same way that it occurs with language, visual stimuli, and some auditory stimuli. 
The Current Experiment 
The current study was designed to investigate whether or not the rules that 
operate for other areas of cognition may also be applied to the musical domain. 
Specifically, it examines whether repetition priming and frequency effects that have 
been found in priming experiments with lexical decision tasks also exist for music. To 
that end, the proposed study manipulates both presentation and frequency of stimulus 
materials. 
Unlike lexical decision experiments that have drawn their stimulus sets from 
word frequency list compilations (Kucera & Francis, 1967), there was no ready list to 
access for the present study, so it was necessary to create one. The study therefore 
involves a music frequency list compilation stage, followed by a small manipulation 
check, and finally, a testing stage based on the format of other lexical decision studies. 
High and low frequency melodies are presented in the study phase of the 
experiment, and are then re-presented as 'old' melodies immediately in the test phase, 
randomly interspersed with 'new' melodies matched in frequency. The extent of 
priming is measured as a reaction time advantage of responses to old melodies over 
responses to new melodies in the test phase. 
The first hypothesis to be tested in the proposed project is that mean reaction 
time (MRT) for naming a melody will be faster for old melodies than for new ones in 
the second phase of a repetition-priming paradigm. This result will indicate the 
existence of priming for melody. The second hypothesis is that the decrease in overall 
MRT between old melodies and new melodies in phase 2 will be greater for low 
frequency melodies than for high frequency melodies. If there are not the predicted 
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findings, it will indicate that cognition for music differs from cognition for language. 
However, if such findings do result, it will indicate the existence of priming effects 
and frequency effects for melody, and thereby off er support for the assertion that 
cognition for music is governed by the same principles governing cognition for 
language. 
Method 
Participants 
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There were 134 participants who took part in the study, comprising 62 
psychology students from Edith Cowan University and 72 members of the general 
public. The study was divided into an initial data base compilation stage, a 
manipulation check, and a testing stage. Of the 134 participants, the 59 who took part 
in the first stage ranged from 14 to 81  years of age and consisted of 3 1  
females (mean age = 36.4 years) and 28  males (mean age = 36. 1  years), while the 64 
participants involved in the final testing stage were aged from 1 7  to 62 years old and 
consisted of 47 females (mean age = 37.2 years) and 1 7  males (mean age = 34. 1 
years). The manipulation check consisted of 1 1  participants whose ages ranged from 
1 8  to 49 years of age (mean age = 34.45) and consisted of 7 females and 4 males. 
Participation was on a voluntary basis. 
Materials 
Melody recordings were made via the use of the music software program, 
Emagic Micrologic 1 .6 which was run on a Macintosh LC computer linked via a 
Roland Mac MIDI lnterf ace to a Roland D70 synthesizer. The melodies, which were 
recorded by the researcher using a piano sound, were then stored as general MIDI 
files, and were subsequently re-recorded on a Macintosh using the program 
SimpleSound Mac OS Version 8.0, after which they were edited using the program 
SoundEdit 1 6  Version 1 .0. 1 .  Finally, a Macintosh G3 computer running the program 
SuperLab Pro Version 1 .74 was used to play the sequenced melodies (via the 
computer's internal speaker) to participants and to time their responses which were 
made by pressing the space bar on the computer keyboard. 
Design and Procedure 
Data base compilation. To determine which were higher or lower 
frequency tunes, the 59 participants were asked to write down the names of 20  tunes 
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that they thought most people would be able to name on hearing some of the tune 
played on a piano. Of the 1 180 suggestions collected, there were 432 different 
melodies of which 1 17 were suggested by 3 or more people. This number being 
slightly more than the required amount of 80 melodies for the experiment, it was 
decided that only melodies suggested 3 or more times would be recorded. Between 12 
and 21 seconds of each of the 1 17 melodies was recorded. 
Manipulation check 
A small manipulation check was run in which 1 1  people were asked simply to 
listen to and name as many of the tunes as they could. The manipulation check 
appeared to confirm that, as a broad generalisation, the more frequently a tune had 
been suggested, the more recognisable it was likely to be. Of the 1 17 tunes, the 40 
most frequently suggested and the 40 least frequently suggested were categorised as 
'high' frequency and ' low' frequency respectively, and hence 80 melodies were 
retained for testing participants. 
Testing stage. The testing stage of the experiment consisted of two phases, 
with 40 melodies being listened to in the first phase and 80 in the second. The 80 
melodies were made up of the 40 melodies already heard in the first phase ( '  old' 
melodies), mixed randomly with 40 other melodies not heard in the first phase ( 'new' 
melodies). In that way, participants listened to a total of 120 melodies, with the entire 
testing session, consisting of the two phases, taking approximately one hour. Within 
each group of 40 melodies, half were high frequency and half were low frequency. 
Hence, within the 80 melodies in the second phase, there were 20 each from the 
new/high, new/low, old/high, and old/low conditions. 
Furthermore, within each group of 20 melodies, 13 contained the title of the 
song within the music heard, and 7 did not. Keeping the proportion the same for each 
group was considered important because it was thought that melody excerpts 
containing the title may lead to faster response times. This was on the basis that often 
... 
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the title of a song is itself a part of the text (lyrics), and research has demonstrated an 
integration of melody and text in memory for songs (Serafine, Crowder, & Repp, 
1984; Serafine, Davidson, & Crowder, 1986). 
Counterbalancing was also used such that during phase one, half of the 
participants heard 40 of the eighty melodies (phase IA melodies), while the other half 
of the participants heard the remaining 40 melodies (phase 18 melodies). In that way, 
during the second phase when all 80 melodies were listened to, the melodies that were 
new for half of the participants were old for the other half, and vice versa. Melody 
groupings are listed in Appendix A, along with original suggestion frequencies, 
manipulation check recognition frequencies, and whether or not the melodic excerpt 
contained the title. 
Participants were tested individually. After the participants received verbal 
instructions, they were given a lined response sheet with a written instruction 
requesting, "For each tune, please either write down the name if you know it, or a 
dash if you do not." Participants were then given a short practice session consisting 
of three trials. A message on the computer screen prompted participants to press the 
'P' key on the computer keyboard to have the computer play the first melody. As the 
melody commenced, a second message appeared instructing the participant either to 
press the 'space bar' as soon as the name of the melody was recognized, and to then 
write down its name on a response sheet, or to press the space bar as soon as it was 
decided that the melody could not be named, and to then write down a dash. Although 
reaction time to press the space bar was recorded by the computer, each melody played 
for its full recorded length regardless of when the space bar was pressed. At at the 
end of the melody, the first message reappeared prompting the participant, when 
ready, to again press 'P' to play the next melody. 
At the completion of the practice session, the participant's queries were 
answered, after which phase 1 of the experiment was commenced. At the conclusion 
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of phase 1, the response sheet was collected and the participant was given a similar 
response sheet for phase 2 which continued in the same vein. 
Results 
Data Screening and ANOVA Assumptions 
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Each participant's mean reaction times (MRT) in milliseconds (ms) were 
calculated for Frequency and Presentation under the following four conditions: 
'New/High', 'New/Low', 'Old/High', and 'Old/Low' in phase 2 of the experiment. 
(See Appendix B). The mean scores represented an average of the MRTs for all 
correctly identified melodies in each of the above conditions, such that there were four 
MRT scores entered for each participant. All incorrect responses were excluded. 
Responses were categorised as incorrect if the participant had either written a dash or 
had written the name of a different melody from the one presented. Some leniency 
was adopted in that a response was accepted as correct even if it was merely a line of 
text from the correct song. This point is further addressed in the discussion. 
Preliminary mean reaction time data screening indicated that 4 participants' 
scores were affected by outliers, as defined by being three or more standard deviations 
from the mean. As that was considered a threat to normality, those 4 participants were 
excluded from the analysis. Prior to exclusion of the participants, the skewness 
values for the new/high, new/low, old/high, and old/low conditions were 1.998, 
1.480, 2.355, and 2. 138 respectively, and subsequent to the exclusion, the values 
were .487, .070, .554, and . 158 respectively. The remaining 60 participants 
contributing to MRT analysis were also retained for the accuracy analysis. The data 
for both MRTs and correct responses were otherwise considered robust against 
violations of normality as a consequence of the sample size being larger than 20 
(Tabachnik and Fidell, 1996). 
Main Analysis 
Mean Correct Reaction Times Data. 
A 2 x 2 repeated measures analysis of variance (AN OVA) with alpha set at .05 was 
performed on mean correct reaction times with the within subjects factors being 
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Presentation (old vs. new) and Frequency (high'vs. low). A significant main effect 
was found for Presentation, E( 1 ,59) = 160.595, J2 = .000, ri2 = .73 1. A significant 
main effect was also found for Frequency, f'.( 1,59) = 219.438, ..J2 = .000, ri2 = .788. 
There was no significant interaction found between Presentation and Frequency, 
.E( 1,59) = 3.325, J2 = .073, 'f)2 = .053. The means and standard deviations are 
reported in Table 1 .  
Table 1 Means and Standard Deviations of Mean Correct Reaction Times (ms) and 
Percent Correct Responses as a Function of Presentation and Frequency 
Reaction time 
Accuracy 
Frequency 
High 
Low 
High 
Low 
M 
5500.80 
7728.90 
67.42 
38.08 
New 
Presentation 
13 19.07 
1824.04 
16.09 
14.38 
M 
4064 . .54 
5786.34 
73.08 
45.42 
Old 
903.42 
1400.29 
15.57 
17.28 
Accuracy Data. A 2 x 2 repeated measures analysis of variance (ANO VA) 
with alpha set at .05 was also performed on amount of correct responses per 
participant with the within subjects factors being Presentation and Frequency (see 
Appendix C). A significant main effect was found for Presentation, .E( 1,59) = 
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26.816, l! = .000, 112 = .3 12. A significant main effect was also found for 
Frequency, f(l ,59) = 660.624, ..n. = .000, 112 = .91 8. There was no significant 
interaction found between Presentation and Frequency, E( 1 ,59) = .478, l!.. = .492, 112 
= .008. The means and standard deviations are reported in Table 1 .  
Priming Diff ere nee Data. A dependent ! test was computed on the mean 
priming differences between old and new presentations under the two frequency 
conditions (high and low). Alpha was set at .05, and assumptions of normality were 
met. There was no clear significant difference between the high and low frequency 
conditions, !(59) = - 1 .823, l! = .073. The mean priming difference score was 
1 942.56 (SD = 1644.97) under the low frequency condition, but only 1436.26 (SD = 
1319.06) under the high frequency condition. There could be good grounds to 
evaluate this as a one-tailed test here with alpha set at .05, in the sense that on the basis 
of word research, one would predict such a frequency effect, and the frequency effect 
would be such that priming would be greatest with low frequency. In this case, this 
result would be significant. This issue will be further addressed in the discussion. 
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Discussion 
The present study revealed the following findings: The first hypothesis was 
clearly supported, namely that mean reaction time (MRT) for naming a melody would 
be faster for old melodies than for new ones in the second phase of a repetition­
priming paradigm, indicating the existence of priming for melody. The second 
hypothesis was that the decrease in overall MRT between old melodies and new 
melodies in the second phase would be greater for low frequency melodies than for 
high frequency melodies. The results showed that there was support for the 
hypothesis, however it wasn't so clear in the fact that the interaction wasn't 
significant. If the frequency effect does exist, it's obviously not a strong one if it 
didn't show up in the interaction from the reaction time ANOVA, and any effect that 
was there was only significant with a one-tailed test. However, the results were in the 
direction of the prediction based on the findings of repetition priming studies done 
with words. 
Priming 
First of all, the fact that there was a priming difference points out the similarity 
between the processing of melodic information and the processing of other 
information such as language, visual stimuli, and other auditory information. This 
was demonstrated by the significantly faster mean reaction times for old than for new 
items in the second phase of the experiment, indicating that learning had indeed taken 
place through the exposure to those same items when they were presented in the first 
phase. The participants were not being asked to explicitly recall whether they had or 
had not heard the melodies in the first phase. Indeed they were not even told that any 
melodies were going to be repeated in the second phase, but were in instead required 
to see how quickly they could perform a particular task, specifically, how quickly they 
could put the name to the melody. The focus was thus on an indirect test of memory 
and therefore the reaction time advantage of old over new items that constitutes the 
priming that has taken place is taken as evidence of implicit memory for melody. 
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Accuracy 
The results from the accuracy analysis showed that there was an increase in 
accuracy from low frequency to high frequency melodies in the second phase of the 
experiment. These resultswere to be expected as the more often one has been exposed 
to a melody in the past, the more familiar one is with the melody, and the greater the 
likelihood that one has also had the opportunity to hear or read the title in association 
with hearing the melody. Hence, there is an increased chance that hearing the melody 
stimulus will cue the memory for the title. 
The fact that there was increased accuracy for old melodies compared to new 
melodies in the second phase of the experiment demonstrates that accuracy priming 
occurred. However, there was no interaction between presentation and frequency 
indicating that the improvement in accuracy from melodies only presented once to 
those presented again did not depend on whether the melodies were high or low 
frequency. 
Frequency 
The finding that the presentation of high frequency items in the second phase 
elicited significantly faster response times than did the presentation of low frequency 
items was as predicted on the basis of repetition priming studies done with words 
(Kirsner & Speelman, 1996; Scarborough et al. , 1977). 
The power law of learning (Newell & Rosenbloom, 198 1 )  may account for the 
observed trend towards an increase in priming for low in comparison to high 
frequency melodies. With high frequency melodies being those to which participants 
have been exposed more often in the past, it follows that their presentation in the 
experiment represent points further along the learning function than for low frequency 
melodies, and therefore that the increase in learning that takes place with each 
successive presentation would not be as great as the increase that occurs for low 
frequency melodies, which are at a less advanced stage along the learning function. 
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Part of the reason why any frequency attenuation effect that was present was 
not detected with the two-tailed test could be due to problems of a lack of power in the 
experiment either in terms of the definition of melodies to be considered as high or low 
frequency, or in terms of numbers of participants. If it was the latter, then increasing 
participant numbers is the obvious solution. If it was the former, however, the 
challenge lies in finding a more accurate definition of frequency as applied to musical 
stimuli. Compared with compiled word frequency lists such as that by Kucera and 
Francis ( 1967), it could be argued that there may be much greater variation among 
different individuals in terms of what constitutes high versus low frequency. 
The current experiment sought to establish melody frequency levels by 
requesting that participants suggest titles of different musical pieces they thought most 
people would be able to name on hearing, and a small manipulation check was then 
carried out to establish whether those predictions were correct, with the results 
generally confirming they were. There may be, however, a number of ways in which 
the measure of frequency was problematic. Studies have shown that with language, 
the age of acquisition has a bearing on later word recognition ( e.g., Gilhooly & Logie, 
198gjand there may be a similar pattern with different musical pieces. Research has 
shown that people's familiarity with songs does vary as a function age (Bartlett & 
Snelus, 1980). Another possible influence on frequency may be due at least in part to 
differing levels of musical expertise among the participants. It is possible that 
nonmusicians might find it more difficult than musicians to recognize a melody when 
the timbre, or instrument sound has changed. This point is relevant in light of the fact 
that all melodies were recorded using a synthesized piano sound, while participants 
may be familiar with the musical pieces as, for example, vocal pieces or large 
orchestral works. Of course, the fact that the melodies in the current experiment acted 
as their own controls by functioning as either new or old for different participants 
means that potential variations in musical expertise should have no bearing on 
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priming. However, this may not be the case with frequency effects where differing 
levels of expertise may result in conflicting definitions of high versus low frequency 
material. 
It may also be the case that the ability to recall the name of a melody is 
dependent upon whether the melody is drawn from a song with lyrics (text) or from 
instrumental music. Whereas instrumental music has no text, with songs, the learning 
necessarily involves not only the sound of the melody, but the sound of the words 
also, and, depending on the quality of the overall sound, as well as attentional factors 
in the listener, it may also involve semantic learning with the meaning of the words. 
Because of the complex nature of the relationship between text and melody, the names 
of melodies that participants gave in the current experiment were accepted as correct 
even when they were a line or phrase from the song text. For example, 'Take A Sad 
Song And Make It ... ' was accepted as a correct response to hearing the melody of 
'Hey Jude', because it was clear which piece of music was being referred to. 
However, if participants only demonstrated that a particular melody gave them a 
generalised impression of some subject matter, that response was considered not 
specific enough and was rejected as incorrect. As an example, the response, 'Horses -
galloping' was not accepted as a correct response on hearing the melody of the 
'William Tell Overture'. 
A study by Peynircioglu et al. (1998) found that with melodies drawn from 
instrumental music, participants found it easier to recall the title when cued with the 
melody than to hum the melody when cued with the title. The pattern was reversed 
with melodies drawn from songs, in that it was harder to recall the title from a melody 
cue than vice versa. Although it was not clear why such a pattern emerged, it is 
nonetheless possible that the factors responsible were also having some bearing on the 
frequency groupings in the current experiment, which involved a mixture of melodies 
drawn from both songs and instrumental music. 
Repetition Priming and Melody 23 
The above questions serve as pointers to direct future research. Further 
studies might test for frequency effects by, for example, first defining melody 
frequency as a function of radio play lists, and then restricting choice of participants to 
particular age groups or levels of expertise, or both. Additionally, it may be useful to 
divide melodic choices into excerpts based on either songs with lyrics or on 
instrumental music. 
Conclusions 
The purpose of the current research was to determine whether the various 
processes and effects found with implicit memory and repetition priming apply not 
only to the area of language, as well as to visual and some auditory processing, but 
might also exist for music. The results of the current study demonstrate the existence 
of repetition priming for melody. However, although there was some suggestion of a 
frequency effect in the predicted direction, further research is needed to establish 
whether there may be other factors operating which would qualify such an assertion. 
Much of the research that has been done in the area of implicit memory has 
focused on discriminatory techniques that sought to identify differing underlying 
systems or processes. Inferences were then based on those processes so as to 
emphasise differences between various types of memory or cognitive processes. As 
Kirsner ( 1998) argued, although different paradigms and tasks pertaining to this area 
of study must necessarily each contain at least one unique process, there must be some 
single underlying process or design principle common to all, yet to date, most research 
has focused on differences rather than potential common or unifying factors. In the 
light of this, it is hoped that the current research has contributed to the ongoing 
process of developing more unified theories of cognition, by helping broaden the 
applicability of the current rules believed to govern the functioning of implicit 
memory. 
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Appendix A.1 
Melody Phase Groupings With Frequencies 
Phase 1 A - High Frequency 
39 ( 1 1 ) (T) Happy Birthday To You 
(Hill/Hill) 
29 ( 10) (--) Advance Australia Fair 
(Amicus) 
19 ( l 0) (T) God Save The Queen 
(Carey) 
17  (9) (T) Auld Lang Syne 
(Burns) 
14 ( 10) (--) Play School T.V. Theme 
(Connolly/Milne) 
13  ( 1 1 ) (T) Yesterday 
(Lennon/McCartney) 
1 1  ( 1 1 )  (T) Rudolph The Red Nosed 
Reindeer (Marks) 
10  ( 10) (--) Dancing Queen 
(Andersson/Anderson/U/vaeus) 
10  ( 10) (T) Rock Around The Clock 
(Haley) 
10 ( 1 )  (--) Candle In The Wind 
(John) 
9 ( 10) (T) Amazing Grace 
(Newton) 
9 ( 10) (T) Hey Jude 
(Lennon/McCartney) 
9 (7) (T) Humpty Dumpty 
(Traditional) 
Phase lB - High Frequency 
3 1  ( 1 1 ) (T) Jingle Bells 
(Spencer) 
30 ( 1 1 )  (--) Waltzing Matilda 
(Patterson/Tradition/) 
19 ( 1 1 )  (T) Twinkle Twinkle Little Star 
(Mozart) 
18  ( 10) (--) 'Star Wars' Film Theme 
(Williams) 
17 ( 1 1 ) (T) Silent Night 
(Gruber) 
1 3  (6) (T) Imagine 
(Lennon) 
1 1  (9) (T) The Sound of Music 
(Rogers/Hammerstein) 
10  ( 1 0) (--) 'Sesame Street' T.V. Theme 
(Raposo/Stone/Hart) 
10 ( 1 0) (T) White Christmas 
( Berlin) 
10  (9) (T) 'Neighbours' T.V. Theme 
(Trent/Hatch) 
9 ( 1 0) (--) The Pink Panther 
(Mancini) 
9 (9) (T) Mama Mia 
(Andersson/Anderson/ U/vaeus) 
9 (8) (--) William Tell Overture 
(Rossini) 
8 ( 10) (T) We Wish You A Merry Christmas 9 (7) (T) Danny Boy/Londonderry Air 
(Traditional) ( Irish Traditional 
8 (8) (T) Mary Had A Little Lamb 
(Traditional) 
8 (3) (--) My Heart Will Go On 
(Horner) 
8 (8) (--) Beethoven's  Fifth Symphony 
(Beethoven) 
8 (4) (--) She Loves You 
(Lennon/McCartney) 
7( 10) (T) When The Saints Go Marching In 7 ( 10) (T) Three Blind Mice 
(Traditional Gospel) (Traditional) 
7 (8) (--) Chopsticks 
(Duchin) 
6 ( 1 1 ) (T) Old MacDonald Had A Farm 
(Traditional) 
6 ( 1 1 )  (--) 'Jaws' Film Theme 
(Williams) 
6 (9) (T) Love Me Tender 
(Newman) 
6 (9) (T) 'Adams Family' T.V. Theme 
(Muzzy) 
6 (7) (T) Ba Ba Black Sheep 
(Traditional) 
Note: First number is melody suggestion frequency; number in brackets is manipulation check 
recognition frequency; 'T' indicates title contained in melody excerpt; '--' indicates it was not. 
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Appendix A.2 
Melody Phase Groupings With Frequencies 
Phase lA - Low Frequency 
4 (7) (T) 'Grease' Film Theme 
(Farrar) 
4 (7) (--) ' Star Trek' T.V. Series Theme 
(Courage) 
4 (3) (T) Ave Maria 
(Schubert) 
4 ( 1) (T) Twist And Shout 
(Lennon/McCartney) 
3 ( 10) (T) Somewhere Over The Rainbow 
( Harburgl Arlem) 
3 ( 10) (T) We Are Happy Little Vegemites 
(Weekes) 
3 (9) (T) Blue Suede Shoes 
(Perkins) 
3 (9) (T) As Time Goes By 
(Steiner) 
3 (8) (T) The Macarena 
( Ramero/Ruiz) 
3 (8) (T) You Ain't Nothin' But A Hound 
Dog (Leiber/Stoller) 
3 (7) (T) Summertime 
(Gershwin) 
3 (6) (--) '2001 A Space Odyssey' Film 
Theme (R. Strauss) 
3 (6) (--) You'll Never Walk Alone 
( Rogers/Hammerstein) 
3 (5) (T) Jack And Jill 
(Traditional) 
3 (5) (--) 'Rocky' Film Theme 
(Conti) 
3 (5) (--) Staying Alive 
(Gibb Bros) 
3 (4) (--) We Are The Champions 
(Mercury) 
3 (3) (T) Lara's Theme 
(Steiner) 
3 (2) (--) Tainted Love 
( Barro fl Brown) 
3 ( 1 )  (T) We Are The Eagles 
(Walther) 
Phase lB - Low Frequency 
4 (7) (T) lncy Wincy Spider 
(Traditional) 
4 (4) (--) 'Superman' Film Theme 
(Williams) 
4 (4) (T) Waterloo 
(Andersson/Anderson/Ulvaeus) 
3 ( 10) (T) For He's A Jolly Good Fellow 
(Traditional) 
3 ( 10) (T) I Still Call Australia Home 
(Allen) 
3 (9) (--) 'Home And Away' T.V. Theme 
(Perjanik) 
3 (9) (T) 'Bananas In Pyjamas' T.V. Theme 
(Blyton) 
3 (9) (T) Fernando 
(Andersson/Anderson/Ulvaeus) 
3 (8) (T)'Mickey Mouse' T.V. Theme 
(Dodd) 
3 (7) (T) I Wanna Hold Your Hand 
(Lennon/McCartney) 
3 (7) (--) Unchained Melody 
(Zaret/North) 
3 (6) (T) Kokomo 
(Melcher/Love/Phillips/McKenzie) 
3 (5) (--) 'Friends' T.V. Theme 
(Sklo.ff) 
3 (5) (T) Piano Man 
(Joel) 
3 (5) (--) Spring (Four Seasons) 
(Vivaldi) 
3 (4) (T) Ode To Joy 
(Beethoven) 
3 (4) (T) Stand By Me 
(King/Leiber/Stoller) 
3 (3) (--) Delilah 
(Kaidson) 
3 ( 1 )  (--) 'Batman' Film Theme 
(Eljman) 
3 (0) (T) I Want It That Way 
( Martin/Carlsson) 
Note: First number is melody suggestion frequency; number in brackets is manipulation check 
recognition frequency; 'T' indicates title contained in melody excerpt; '--' indicates it was not. 
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Appendix B.1 
Mean Reaction Times (ms) For Presentation (old/new) 
and Frequency (high/low) and Priming Differences (PD) For 64 Participants 
Part. New/High New/Low Old/High Old/Low PD High PD Low 
1 5402.4 9323 4300.6 4335 1 10 1 .8 4988 
2 3002. 1 6778.7 3 1 15.5 4366.8 - 1 13 .4 241 1 .9 
3 7234.8 1 1991 .6 4355.7 8437.6 2879. 1 3554 
4 4450. 1 73 17.7 3258.5 4568.3 1 19 1 .6 2749.4 
5 3626.4 5179.6 2584.5 3972.4 104 1 .9 1207.2 
6 3459.7 8365.5 4394.9 5775.9 -935.2 2589.6 
7 7879 7743 .8 3334.8 6006.9 4544.2 1736.9 
8 4424.5 921 6.4 4705.2 8309.2 -280.7 907.2 
9 3954.4 4610 2469.4 3541 .4 1485 1068.6 
10 5744.8 8409.7 3761 .9 6443.4 1982.9 1966.3 
1 1  5026.3 61 12 3359.25 5854.9 1667.05 257. 1 
12 8243 8085. 1 4484.2 6837.4 3758.8 1247.7 
13 8246.3 8983 .3 4134.4 88 19.7 41 1 1 .9 1 63 .6 
14 7427. 1 9939.5 6202.6 7140.3 1224.5 2799.2 
15 5383 .8 7981 5141 .6 7330 242.2 651 
1 6  5433 6590. 1 4683 . 1  6639 749.9 -48.9 
17 5279.3 8504.6 4139.4 5774.6 1 139.9 2730 
18 7222.3 3581 5108 6193.5 21 14.3 -2612.5 
19 5816.3 6341 .8 4735.5 491 3 .8 1080.8 1428 
20 15004.2 18073 9756.7 16644 5247.5 1429 
21 3888.7 5025.6 2996. 1 4615. 1  892.6 410.5 
22 6575.6 12585.5 5889.4 7500.6 686.2 5084.9 
23 5405.2 7907 4028.3 5697.4 1376.9 2209.6 
24 4242.9 5642.3 2723. 1 3899.4 1519.8 1742.9 
25 51 17.4 9608.8 4922. 1 593 1 .9 195.3 3676.9 
26 12068.3 156 14.5 5241 10527 6827.3 5087.5 
27 5129.2 5589 2913.7 4094.6 22 15.5 1494.4 
28 4399.7 4564 3210.9 4212 1 188.8 352 
29 5038.9 638 1 .6 3902.5 5868.6 1 136.4 5 13 
30 4506. l 7651 5518.3 8522.9 - 1012.2 -871 .9 
3 1  3454.9 626 1 .3 3241 .4 3533 .8 213 .5 2727.5 
32 6457. 1 9406.6 3394.2 6297.6 3062.9 3 109 
33 4878.2 9542.4 3429.4 4457.5 1448.8 5084.9 
34 5308.6 9480.3 3890.9 7710.2 1417.7 1770. 1 
35 6913.3 10491 .2 4069.7 5838.7 2843.6 4652.5 
36 1 1274.8 9903 .5 6535.6 9861 4739.2 42.5 
37 1 046 1 .7 10079 10678.9 1273 1 .6 -217.2 -2652.6 
38 4397.8 6908.8 4300.3 6269.5 97.5 639.3 
39 5442.2 7393 2872.6 4177.4 2569.6 3215.6 
40 5776 9454.3 5712.3 5051 63 .7 4403 .3 
41 7187.3 7820.4 6010.3 7138 1 177 682.4 
42 3482.3 6662.8 4437.6 4838.9 -955.3 1823 .9 
43 5464.2 7180 3 121 .3 474 1 . 1  2342.9 2438.9 
44 471 1 . 1  6555 3394.8 4382.3 1 3 16.3 2172.7 
45 3713.2 5 149.4 3246 3065.4 467.2 2084 
46 5513.5 7170.8 3942.4 5348. 1 157 1 . 1  1 822.7 
47 6057. 1 7465.4 3787.4 7135.4 2269.7 330 
48 6420.5 8635.8 4 166 6494.5 2254.5 214 1 .3 
49 8928. 1 6256 3427.5 636 1 .3 5500.6 -105.3 
Repetition Priming and Melody B.2 
Appendix B.2 
Mean Reaction Times (ms) For Presentation (old/new) 
and Frequency (high/low) and Priming Differences (PD) For 64 Participants 
Part. New/High New/Low Old/High Old/Low PD High PD Low 
50 3997. 1 7764.3 5016.3 5752. 1 - 1019.2 2012.2 
51 5703 .9 8015.4 3708 5601 .8 1995.9 2413.6 
52 4444.9 7122.3 5108.7 6921.6 -663.8 200.7 
53 5437.2 5099.8 3690.5 6164. 1 1746.7 - 1064.3 
54 5305.6 6028.8 3339.4 3402.3 1966.2 2626.5 
55 5208.7 8128.2 4424. 1 4632.8 784.6 3495.4 
56 6753.8 9860 3927.4 5613.5 2826.4 4246.5 
57 6272. 1 9449 3380.3 6677.9 2891.8 2771 . 1 
58 5322.9 9674.3 3843.9 4562.9 1479 5 1 1 1 .4 
59 5519. 1 6067.5 3023.3 5975.8 2495.8 9 1.7 
60 7772.9 8321 .2 5812.9 7410.2 1960 91 1 
61  5043.2 83 10.8 4320.4 6418.6 722.8 1892.2 
62 6593.7 9856 51 10.5 8056 1483.2 1800 
63 5048.8 9688.6 4368.9 4843 .6 679.9 4845 
64 5959.5 8505.3 3980.2 6703 .9 1979.3 1801.4 
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21 
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23 
24 
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26 
27 
28 
29 
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31 
32 
33 
34 
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Appendix C.1 
Repetition Priming and Melody C. 1 
Percent Correct Responses For Presentation (old/new) 
and Frequency (high/low) For 64 Participants 
New/High New/Low Old/High Old/Low 
25 5 50 15 
70 30 60 25 
55 25 70 25 
85 50 85 50 
60 45 75 45 
60 30 80 40 
60 40 80 50 
65 35 70 45 
60 30 50 50 
50 30 60 40 
75 50 80 45 
50 35 50 45 
75 45 80 55 
85 40 75 35 
50 20 70 25 
65 35 45 30 
60 35 85 40 
50 5 40 10 
60 45 100 50 
25 5 15 20 
90 55 80 50 
40 30 75 45 
70 45 75 45 
95 70 90 75 
80 60 85 70 
20 10 10 5 
45 30 55 35 
30 15 35 10 
45 25 70 25 
60 30 60 45 
45 35 70 25 
70 25 70 35 
60 60 75 50 
70 50 70 55 
95 45 90 65 
45 20 50 35 
30 5 55 25 
80 70 90 55 
90 55 85 55 
50 15 45 10 
75 35 65 20 
70 30 65 55 
60 25 80 40 
75 25 80 50 
65 45 95 40 
75 60 80 65 
70 55 85 55 
55 25 30 30 
100 55 90 75 
Participant 
50 
51 
52 
53 
55 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
Appendix C.2 
Repetition Priming and Melody C.2 
Percent Correct Responses For Presentation (old/new) 
and Frequency (high/low) For 64 Participants 
New/High New/Low Old/High Old/Low 
70 30 80 40 
70 40 80 40 
60 50 75 35 
90 50 85 85 
90 45 75 45 
85 45 95 65 
90 50 75 40 
70 25 80 55 
75 40 95 70 
85 55 90 70 
70 30 55 45 
80 45 90 55 
60 20 65 45 
60 25 75 55 
65 35 75 65 
